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Microstrip UWB Monopole Antennas
Microstrip UWB monopole antennas are usually constructed by etching the radiator element with a microstrip/CPW feeding structure and the partial ground plane on dielectric substrate. In this section we present two novel microstrip UWB monopole antennas.
Printed Modified Elliptical Monopole (PMEM) Antenna
The printed modified elliptical monopole (PMEM) antenna (Kimouche, 2009) shown in figure 1 is designed to cover the UWB band from 3.1 GHz to 10.6 GHz. The antenna consists of modified−elliptic shaped radiator etched on a top side of PCB (FR4, ε r = 4.32, loss tang of 0.017 and 1.59 mm in thickness) and fed by 50−Ohms microstrip−line of width W f = 3 mm. The modified semicircular−shaped ground with a rectangular notch defined by (W n × L n ) mm is printed in the bottom side. A parametric study of microstrip−fed PMEM antenna on the main parameters of the patch radiator, and the partial modified−semicircular ground plane (on the back of substrate) has been optimized by using electromagnetic software simulator. The patch radiator connected to the microstrip−line is the result of two identical 1/4 ellipse spaced by a distance d fixed at 3 mm and placed in the part of circular-shaped base. Each 1/4 ellipse is defined by the radius of the major axe R 1 and the radius of the minor axe R 2 . The base is define by the height D, the major radius and the minor radius r 1 and r 2 , respectively. The minor radius R 2 is fixed by the value of the parameter D. The elliptical ratio (ER) defined by ER = R 2 /R 1 has been optimized for five values of the parameter D.
Fig. 1. Geometry of the Microstrip-fed PMEM Antenna
The simulated return losses as function of frequency for the five different values of D and ER are illustrated in figure 2. The optimal values of the patch radiator are found to be D = 4.45 mm, R 1 = 8 mm, R 2 = 8.8 mm, r 1 = 9.25 mm, and r 2 = 11.1 mm. The effect of the distance h between the modified elliptical patch radiator and the ground plane called feed gap is simulated for return loss as function of frequency. As shown in figure 3, the return loss characteristics for the microstrip−fed PMEM antenna was simulated for different feed gaps (h = 0.3, 0.5, 0.7, 1.5, and 3 )mm. It is shown that the −10 dB operating bandwidth of the antenna varies remarkably with the variation of the feed gap h, but the return loss www.intechopen.com curves have similar shapes for the different feed gaps. The optimal feed gap is found to be at h = 0.3 mm. The shape of the ground plane is chosen to be a modified semi−circular with a rectangular notch. The ground plane size is defined by the radius R g and the length L g . Figure 4 shows the simulated return loss curves with the optimal values h = 0.3 mm and the previous optimal patch radiator parameters for different radius values R g . It can be seen that the variation of the ground plane width shifts all the resonance modes across the spectrum. We noticed that the lower−edge frequency will decrease when the radius R g increase. Also, it is clear that most of the values of R g can achieve an ultra−wideband, for example the value R g = 20 mm achieve a bandwidth of 13.34 GHz (2.85 − 16.19 GHz). Also, it is seen that the antenna bandwidth is sensitive to the variation of the parameter L g . Figure 5 illustrates the return loss for different values of L g . The optimized value was found to be L g = 10.5 mm. The notch introduced in the ground plane is used to miniaturize the proposed microstrip−fed PMEM antenna and to improve its impedance matching. This technique is introduced in (Bao, 2007) to improve the impedance bandwidth of rectangular patch antenna and in (Kobayashi, 2007) to compact circular disc antenna. Figure 6 illustrates the simulated return loss curves of the proposed microstrip−fed PMEM antenna with and without the rectangular notch in the ground plane. It is observed that the ground plane with an optimal rectangular notch of (3.5 × 3)mm improves significantly the impedance bandwidth and creates other resonant frequencies.
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A prototype of the microstrip−fed PMEM antenna with optimal design, i.e. h = 0.3mm,
and L g = 10.5mm, was fabricated and tested. Figures (7.a) and (7.b) present photographs of top side and bottom side of microstrip−fed PMEM antenna, respectively. The previous proposed PMEM antenna can also fed by coplanar waveguide (CPW), in view of UWB applications. Figure 9 illustrates the configuration of the proposed CPW−fed PMEM antenna (Abed, 2008) with the optimal parameters, where an FR4 substrate with relative permittivity of 4.32 and thickness of 1.58mm is used. The CPW−fed PMEM antenna with the optimal geometrical parameters was fabricated. Measured and simulated VSWR (Voltage Standing Wave Ratio) are shown in figure 10 . The measured bandwidth defined by VSWR≤ 2 of the proposed antenna with a feed gap of 0.3mm is from 3GHz to 11.3GHz, which covers the entire UWB band. The far−field (2D) radiation patterns for the proposed CPW−PMEM antenna are also carried out at three frequencies. Figures (11.a) and (11.b) show the radiation pattern at azimuthal and elevation planes, respectively. As it can be seen from the figures, omnidirectional patterns can be observed for the H−plane. These patterns are comparable to those reported for a conventional dipole antenna. It is very important to note that at the higher frequency there is an obvious deviation from the omnidirectional shape in the H−plane radiation patterns. Also, the E−plane patterns have large back lobes at low frequency and with increasing frequency they become smaller, splitting into many minor ones. For the antenna gain, it is found that the proposed microstrip−fed PMEM antenna has a simulated maximum gain which varies between 0.18 dBi and 3.61 dBi within the UWB band. By comparison with the microstrip−fed PMEM antenna, the CPW−fed PMEM antenna presents a less gain inside the UWB band with a peak gain of 2.98 dBi at the frequency 5.6 GHz.
Microstrip Slot UWB Antennas
Various printed slot antenna configurations such as rectangle (Jang, 2000) , (Chiou, 2003) , (Chen, 2003) and (Liu, 2004) , triangle (Chen, 2004) and (Chen, 2003) , circle (Soliman, 1999) and (Sze, 2006) , arc−shape (Chen, 2005) , annular−ring (Chen, 2000) and others are proposed for narrowband and wideband application. In (Lee, 2002) , a round corner rectangular wide slot antenna which is etched on a substrate with dimension of (68 × 50)mm, the measure −10dB bandwidth can achieve 6.17GHz (2.08GHz to 8.25GHz). In (Chen, 2003) , a CPW square slot antenna feed with a widened tuning stub can yield a wide impedance bandwidth of 60%. The antenna has a dimension of (72 × 72)mm and its gain ranges from 3.75dBi to 4.88dBi within the operational band. It is shown that the achieved bandwidths of these antennas cannot cover the whole FCC defined UWB frequency band from 3.1 GHz to 10.6GHz. However, only a few microstrip / CPW−fed slot antennas with features suitable for UWB applications have been demonstrated in the literature. In (Chair, 2004) , a CPW−fed rectangular slot antenna with a U−shaped tuning stub can provide a bandwidth of 110% with gain varying from 1.9dBi to 5.1dBi. Nevertheless, the antenna size is big (100 × 100)mm. The same for (Angelopoulos, 2006) , where a microstrip−fed circular slot can operate over the entire UWB band, but with a slot diameter of 65.2 mm. In (Denidni, 2006) and (Sorbello, 2005 ) UWB circular /elliptical CPW−fed slot and microstrip−fed antennas designs targeting the 3.1 − 10.6GHz band. The antennas are comprised of elliptical or circular stubs that excite similar−shaped slot apertures. The same slots shapes were excited by a U−shaped tuning stub in (Liang, 2006) , where an empirical formula is introduced to approximately determine the lower edge of the −10dB operating bandwidth. Others UWB slots antenna are proposed in (Sadat, 2007) and (Cheng, 2007) . In this section, the microstrip−fed PSICS antenna configuration is investigated for UWB communications.
Stepped Inverted Cone Slot Antennas
The configuration of the proposed printed stepped inverted cone slot (PSICS) antenna is shown in figure 12 . The proposed antenna with different feeding stubs is designed to cover the entire UWB band. The PSICS antenna consists of stepped inverted−cone shaped stub on the top side of (50 × 52)mm(FR4, ε r = 4.32, loss tang of 0.017 and H = 1.59 mm in thickness) fed by 50−Ohms microstrip−line of width W f = 3mm. The ground plane with the inverted stepped cone slot is printed on the bottom side. A parametric study of the proposed PSICS UWB antenna on the main parameters of the stepped inverted−cone slot in the ground plane and the feeding stub structure are optimized by using an electromagnetic simulator based on the Method of Moment (MoM). The effect of the parameters R s , L s1 , L s2 , W s1 , W s2 and W s3 which define the inverted−cone shaped slot was carried out. The good frequency bandwidth (2.21GHz − 11.5GHz) was found for a radius R s = 20mm and the optimal values of the parameters L s1 , L s2 
Fig. 12. Geometry of the Microstrip-fed PSICS UWB Antenna
The tuning stub of the PSICS antenna has the same shape as the slot. It is also, defined by the radius R t and the parameters L t1 , L t1 , W t1 , W t2 and W t3 , as shown in figure13. The optimal feed tuning stub radius is found to be at R t = 10mm, with an extremely bandwidth range from 2.21GHz to 11.5 GHz. Also, it seems that when the value of the parameters L t1 , L t2 and L t3 decrease, the first resonance shift to the low frequency but the antenna bandwidth decrease. The optimal values of the stepped−inverted cone stub parameters are presented in the In order to optimize the coupling between the microstrip−line and the stepped inverted−cone slot. The stepped inverted−cone stub was compared with two different stubs as shown in figure 14. The first one is an inverted-cone and the second stub has a circular shape.
Fig. 14. Different Stub Shapes Studied for the Microstrip-fed PSICS UWB Antenna
The return loss of the microstrip−fed PSICS antenna was simulated for the three proposed stubs. Figure 15 illustrates a comparison between simulated return loss curves. It shown that all the proposed antenna stubs have similar return loss curves, with an ex- Three prototypes of the microstrip−fed PSICS antenna with three different stubs in optimal design, was fabricated and tested. Figures (16.a) , (16.b) and (16.c) present photos of PSICS antenna with stepped inverted−cone stub, inverted−cone stub and circular stub, respectively.
The return losses were measured by using vectorial network analyzer. Figures (17.a) , (17.b) and (17.c) illustrate a comparison between simulated and measured return loss curves of the PSICS antenna with stepped inverted-cone stub, inverted-cone stub and circular stub, respectively. Generally speaking, as illustrated in figure(17.a) , the measured return loss curve agrees with the simulated one in most range of the low frequencies band.
www.intechopen.com The −10dB bandwidth covers an extremely wide frequency range in both simulation and measurement. In figure(17.b) , the UWB characteristic of the microstrip−fed PSICS antenna with a circular stub is confirmed in the measurement. It is shown that there is a good agreement between simulated and measured lower edge frequencies. However, there is significant difference between simulated and measured high edge frequencies. The far−field radiation patterns of the PSICS antennas were also simulated at three frequencies. Figure 18 shows the radiation pattern of PSICS antenna with the inverted−cone stub at azimuthal and elevation planes. It is very important to note that the PSICS antenna with the different feeding structures can provide similar radiation patterns. As can be seen from the figure, omnidirectional patterns can be observed for the H−plane.
Microstrip Frequency Notched UWB Antennas
UWB technology is becoming an attractive solution for wireless communications, particularly for short and medium-range applications. UWB systems operate over extremely wide frequency bands (wider than 500MHz), according to the FCC regulations, the unlicensed usage of UWB systems for the indoor communications has been allocated to the spectrum from 3.1 to 10.6GHz. Within this UWB band, various narrowband technologies also operate with much higher power levels, as illustrated in figure 19 . It is clear, that there is frequency-band sharing between the FCC's UWB band and the IEEE 802.11a. (5.15 − 5.825GHz) frequency band and the wireless local area networks bands: HiperLAN (5.150 − 5.350GHz) and WLAN (5.725 − 5.825GHz). Therefore, it may be necessary to have a notch for this band in order to avoid interferences. Recently, various suppression techniques have been developed for UWB communications to improve the performance, the capacity and the range. Some techniques are used at the receiver stage, including notch filtering (Choi et al, 1997) , linear and nonlinear predictive techniques (Rusch, 1994) , (Rusch, 1995) , (Proakis, 1995) , (Carlemalm, 2002) and (Azmi, 2002) , adaptive methods (Lim et al., 1996) and (Fathallah et al., 1996) , MMSE detectors (Poor, 1997) and (Buzzi, 1996) , and transform domain techniques (Buzzi et al., 1996) , (Medley, 1997) , (Weaver, 2003) and (Kasparis, 1991) . Another approach for interference suppression is used at the antenna. Based on this approach various frequency-notched UWB antennas have been developed by inserting diffident slot shapes (Chen, 2006) , , (Yan, 2007) , (Yuan, 2008) and (Wang, 2008) . The advantage of this approach is that the stop-band filter (slot) is integrated directly in the antenna structure, and this is very important for communication devices which become smaller and more compact. In this section, we present the ability to achieve frequency notching characteristics in the previous proposed PMEM antenna by using the U−slot technique. The geometry of the notched-band PMEM antenna is shown in figure 20 . The U−shaped slot introduced in the patch radiator is designed to notch the WLAN band. The optimal values (in mm) of the patch radiator and the ground plane are presented in the 
Band-notch function study
The influence of the parameters L 1 , L 2 , W 1 , and W 2 of the U-shaped slot introduced in the patch radiator are studied. To see the influences on the performance of the antenna an EM simulator is used. It is seen that by embedding the U−slot on the radiation patch, bandnotched characteristic is obtained. Figure ( 21.a), shows the VSWR of the antenna with different L 1 of the slot location as the length L 2 are fixed at 0.75mm. It is seen that when L 1 is between 4.1mm and 4.3mm , the antenna has a band-notch function at the WLAN band. Figure (21.b) shows the VSWR of the antenna for different values of L 2 . It is seen that the length of the slot determines the frequency range of the notched band. As L 2 increases, the notched band shifts toward the higher frequency. It is found that by adjusting the length of slot to be about 0.75mm a notched frequency band of about 5.6 − 5.95GHz is obtained. Figures (22.a) and (22.b) show the VSWR of the antenna with different slot widths W 1 and W 2 , respectively. It is seen that when W 1 is smaller than 2mm, the antenna has a band-notch function at the WLAN band.
www.intechopen.com It is shown that there is a good agreement between simulated and measured VSWR curves at the most range. However, after the frequency 10.4GHz the measured VSWR will be greater than 2, where the simulated one remains less than 2. In other words a frequencynotch function at WLAN band is investigated. This characteristic is very attractive for UWB applications.
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